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Abstract Daily activity and mating behavior of Nemophora ahenea Stringer were investigated 
during August and September 1997 at two sites in the Kinki district, Honshu, Japan. Males 
were observed swarming only around sunset. This species behaved as a “swarming species” but 
a single hovering male was seen to copulate aerially with a female which flew up to the male 
from the ground. It is suggested that the act of swarming may not be a prerequisite for mating 
in this species. The relationship between size of the eyes and mating behavior of adelid moths 
is discussed. 
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Introduction 


Nemophora ahenea Stringer (Figs 1-6) occurs in Honshu, Shikoku and Kyushu of Japan 
(Moriuti, 1982). The moth is known to fly from July to August but, until now, its general 
biology has not been studied. Few reports have dealt with the mating behavior of adelid 
moths, except for those of Kozlov (1985) and Diesing (1997) who noted that males of some 
species swarm during mating. However, the role of swarming has not yet been fully 
explained. In this paper, we outline the daily activity and mating behavior of N. ahenea and 
discuss the role of swarming behavior in the species. 


Methods 


The field work was carried out at the following two sites in the Kinki district, Honshu, Japan: 
Mt Mikusa, Inagawa town, Hyogo Prefecture (35°57’N, 135°23’E) on 11, 19 and 23 July 1997; 
Tamagawakyo, Hashimoto city, Wakayama Prefecture (3416’N, 135°38’E) on 26 and 30 
August 1997. N. ahenea was recorded by both of us slowly walking along a path about 100 
m long, from 0600 to 1900 hrs on 23 July, and 1500 to 1900 hrs on the other days. The moths 


within 2 m both sides of the path were counted as “flying”, “nectaring” and “ovipositing”. 
Temperature and light intensity were measured every 30 minutes. 


At Mt Mikusa, the study site was a Japanese chestnut tree (Castanea crenata: Fagaceae) 
plantation surrounded by a coppice of mainly Quercus acutissima. The ground cover was 
dominated by Miscanthus sinensis (Poaceae), Stenactis annuus (Compositae) and Pueraria 
lobata (Leguminosae). At Tamagawakyo, the site was surrounded by a Japanese cedar 
(Cryptomeria japonica) plantation, and dominated by Quercus serrata, Mallotus japonicus 
(Euphorbiaceae), P. lobata, Reynoutria japonica (Polygonaceae), Patrinia villosa (Valer- 
ianaceae) and S. annuus. 


In order to investigate the relationship between mating behavior and morphological charac- 
ters, sizes of eyes in some individuals were measured to calculate the interocular index 
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Figs 1-6. Adults of Nemophora ahenea. 1. Perching male. 2. Ovipositing female on flower 
bud of Reynoutria japonica. 3-4. Male hovering above flowers of Stenactis annuus. 
5-6. Mating individuals. 


(vertical eye diameter/interocular distance, or vd/id) (Davis, 1975) and eye size index 
- (horizontal eye diameter/minimum distance between eyes, or hd/md) (Hirowatari, 1997). 


Results 


1. Flight activity and mating behavior 


Daily activity patterns of the adults of N. ahenea are shown in Figs 7 and 8. Males were 
observed actively flying and swarming only around sunset under low light intensity from 500 
to 8,000 Ix. At the Mt Mikusa site, a whole day's observation was made (0600-1900 hrs) on 
23 July, but no adults were seen except in the afternoon (Fig. 7 gives results from 1630-1900 
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hrs). Daily activity of N. ahenea is similar to that of N. paradisea reported by Hirowatari 
and Nagaike (1998). Both are late summer occurring species which fly actively only around 
sunset. 


On 19 July, at Mt Mikusa, two males were observed hovering and interacting with each other 
at a height of about 1 m, that is, about 10cm above some flowers of S. annuus during 1730- 
1745 hrs. At the same time, two other males were also observed hovering above other 
flowers of S. annuus. At Tamagawakyo, typical swarms contained a maximum of five 
individuals, flying at heights 0.5-1 m over S. annuus, 1-2 m over R. japonica, and 2-3 m over 
Rhus javanica (Anacardiaceae), each swarm flying about 10-30 cm above the flowers of these 
plants. At both sites, nectaring of N. ahenea was observed on flowers of S. annuus, as well 
as on R. japonica at Tamagawakyo. 


Matings of N. ahenea were observed on July 19 and July 23 at Mt Mikusa and the behavior 
was generally similar in each. A single male hovered about 10cm above a flower of S. 
annuus (Figs 3 and 4). After about 5 minutes of hovering, a female flew almost directly 
towards the male from the ground (Fig. 9). When the female approached about 10 cm away, 
the male flew towards her. Copulation then might take place aerially, the pair flying down 
to foliage where they soon turned around facing away from each other (Figs5 and 6). 
Mating then continued for about 30-40 minutes. 


2. Eye measurements in N. ahenea 


Hd/md: Male 2.16+0.21 (mean 土 SD) (n=27); female 0.67 土 0.04 (n=6). 
Vd/id: Male 1.06+0.05 (mean+SD) (n=27); female 0.70+0.03 (n=6). 


The ratios indicate sexual dimorphism in the eyes of N. ahenea, those of the male being larger 
than those of the female. Moreover the eyes are dorsally more approximated in the male 
than in the female (Figs 10 and 11), and Scanning Electron Microscopy revealed that the 
dorsal facets of the male eyes are enlarged, while those of the female are almost uniform in 
size (Fig. 12). 


3. Host plant 


At Tamagawakyo, females of N. ahenea were observed nectaring and ovipositing on the 
flowers of Reynoutria japonica (Polygonaceae). Although no eggs were located in the 
flower buds, R. japonica is a likely host plant of N. ahenea. 


Discussion 


1. Role of swarming 


Although N. ahenea density was very low and typical swarm activity was not observed at the 
Mt Mikusa site, the species was recorded as a “swarming species” at the Tamagawakyo site. 
Kozlov (1985) reported the mating behavior of swarming species “Adela amurensis” (current- 
ly regarded as Nemophora amatella: Kozlov, 1997). He suggested that, in the swarming 
species, the female seeks out the male aggregations and the female enters the swarm by chance. 
As Kozlov postulated, swarming may enhance mate location by the females. However, it is 
interesting that a single hovering male observed at Mt Mikusa was found to copulate with a 
female without “swarming”. 


Thornhill (1980) considered that male-male interactions in the swarming of Plecia nearctica 
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Fig. 7. Daily activity (1630-1900 hrs) of Nemophora ahenea at Mt Mikusa, July 1997. 


(Diptera, Bibionidae, a “lovebug”’) are clearly related to competition for access to emerging 
females. The competition hypothesis postulates that the aggregation is merely the result of 
male competition for females. Males of N. ahenea may compete for locations that provide 
better access to arriving females and aggregation of males may not be a prerequisite for 
successful mating in the species. 


2. Eye size and mating behavior 


Many Nemophora and Adela species with large eyes are known to swarm (Nielsen, 1980). In 
some swarming Nemophora species, it is known that the eyes of males are divided into two 
distinct parts, the lower smaller being unmodified, and the upper being much enlarged 
(Common, 1970). In some Diptera, the eyes are also similarly modified. For example, the 
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Fig. 8. Daily activity (1630-1900 hrs) of Nemophora ahenea at Tamagawakyo, August 1997. 





I 


Fig. 9. Mating behavior of Nemophora ahenea at Mt Mikusa, July 1997. 


dorsal surface of the eyes of swarming empidids have enlarged facets (Downes, 1970). The 
modification in adelids and empidids possibly facilitates detection of a female arriving at the 
swarm. While hovering, a male of N. ahenea changed the long axis of the body variously 
from horizontal to vertical (Figs3 and 4). In these positions, males may survey in all 


directions possibly by using the dorsally enlarged facets of their eyes, and even detect a female 
which flies up from the ground. 
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Figs 10-12. Eyes of Nemophora ahenea. 9. Male (x80). 10. Female (x80). 11. Male (x 
250). 


As mentioned above, a characteristic feature of swarming insects is sexual dimorphism in the 
eye: i e. large eyes in males, smaller in females. However, female eyes of swarming species 
may be relatively much larger than those of non-swarming species (which are considered to 
wait to be found by males and so need not detect males in the air). In N. ahenea, the 
female’s eye size index (hd/md) is 0.67+0.04 (n=6), and the interocular index (vd/id) is 
0.70+0.03 (n=6), while hd/md and vd/id of the female of the non-swarming species N. 
albiantennella are 0.42+0.02 (n=8) (Hirowatari and Yamanaka, 1996; Hirowatari, 1997), 
0.49+ 0.04 (n=8), respectively. 


The swarming or hovering of N. ahenea were observed above bushes about 1-3 m tall, such 
as B. tricuspis and P. lobata, which appeared to be used as “display markers”. Females seem 
to fly purposefully towards males, but it is unclear whether they are attracted by hovering 
males, or by the vegetational features above which the males hover. However, based on our 
present field observations and size of the eyes, females do seem to utilize visual stimuli to 
detect males. Further observations on swarming and non-swarming species may clarify 
hypotheses of the evolution of mating behavior in Adelidae and their relation to characteristic 
morphological features in the family. 


Acknowledgments 


We wish to express particular thanks to Michael Parsons (University of Florida, USA) who 
read and edited the manuscript and provided us with useful comments. We are also 
indebted to Tosihisa Saito (Ikeda, Osaka) for his kind information on Nemophora ahenea 
of the study site at Mt Mikusa, and to Mikhail Kozlov (University of Turku, Finland) who 
provided some important literature to us. 


References 


Common, I. F. B., 1970. Lepidoptera (Moths and Butterflies). In Mackerras, I. M. (Ed.), The Insects of 
Australia: 765-866. Melbourne University Press, Clayton. 

Davis, D.R., 1975. West Indian moths of the family Psychidae with descriptions of new taxa and 
immature stages. Smithson. Contr. Zool. 188: 1-66. 

Diesing, P., 1997. Zur Biologie der Langhornmotte Adela reaumurella (Linnaeus, 1758) Nachtrag sowie 
Beobachtungsmitteilungen zu Biologie der Langhornmotte Adela degerella (Linnaeus, 1758). 
Atalanta 28: 177-180. 

Downes, J. A., 1970. The feeding and mating behaviour of the specialized Empidinae (Diptera); observa- 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Mating Behavior of Nemophora ahenea 91 


tions on four species of Rhamphomyia in the high arctic and a general discussion. Can. Ent. 102: 
769-791. 

Hirowatari, T., 1997. A taxonomic revision of the genus Adela Latreille (Lepidoptera, Adelidae) from 
Japan. Trans. lepid. Soc. Japan 48: 271-290. 

Hirowatari, T. and T. Nagaike, 1998. Biological notes on Nemophora paradisea (Butler, 1881) (Le- 
pidoptera, Adelidae). Trans. lepid. Soc. Japan 49: 288-294. 

Hirowatari, T. and K. Yamanaka, 1996. Biology of Nemophora albiantennella Issiki (Lepidoptera, 
Adelidae). 1. Host plants and daily activity pattern. Jap. J. Ent. 64: 619-626. 

Kozlov, M. V., 1985. Precopulatory behavior of lower Lepidoptera. Ent. Obozr. 64: 493-505 (in 
Russian ; English translation in Ent Rev. Wash. 64: 1-13, 1987). 

, 1997. Adelidae. In Ler, P. A. (Ed.), Trichoptera and Lepidoptera. Part1. Key to the 

Insects of Russian Far East 51: 274-289. (In Russia). Dal’nauka, Vladivostok. 

Moriuti, S., 1982. Incurvariidae. In Inoue, H., Sugi, S., Kuroko, H., Moriuti, S. and A. Kawabe (Eds), 
Moths of Japan 1: 51-56, 2: 155-156, 409, pl. 1. Kodansha, Tokyo. (In Japanese). 

Nielsen, E. S., 1980. A cladistic analysis of the Holarctic genera of adelid moths (Lepidoptera: Incurvar- 
ioidea). Entomologica scand. 1: 161-178. 

Thornhill, R., 1980. Sexual selection within mating swarm of the lovebug, Plecia nearctica (Diptera: 
Bibionidae). Anim. Behav. 28: 405-412. 


摘 要 
コン オビ ヒゲ ナガ の 配偶 行動 (広渡 俊哉 ・ 亀 谷 計 素 ) 


コン オビ ヒゲ ナガ , Nemophora ahenea Stringer は , AN, 四国 , 九州 に 分 布 し , 成虫 が 7-9 月 に 出現 
する こと と が 知ら れ て いた が , その 生活 史 や 配偶 行動 な ど に つい て は まっ た く 不 明 で あっ た . そこ で , 
配偶 行動 を 中 心 と し て 飛 砂 活 動 の 日 周 性 ・ 産 卵 寄主 な ど , 本 種 の 生活 史 の 一 部 を 明らか に する こと を 
目的 と し て , 兵庫 県 猪名川 町 の 三 草山 , お よび 和歌 山県 橋本 市 の 玉川 峡 に お いて 調査 を 行っ た . =H 
山 で は , 1997 年 7 月 11 日 , 7 月 19 日 , 7 月 23 日 の 3 回 , 玉川 峡 で は , 8 月 26 日 , 8 月 30 日 の 2 回 
調査 を 行っ た . 調査 は 原則 と し て 午後 3 時 か ら 日 没 ま で , 7 月 23 日 の み 日 の 出 か ら 日 没 ま で 行っ た . 
ゅ いずれ の 調査 日 に お いて も , 30 分 ご と に 温度 ・ 照 度 を 記録 し た . 


成虫 。 特に オス は 日 没 前 後 , 照度 が 500-8,000 Ix と 薄暗く な っ て か ら 活 発 に 活動 し , オス が 和 群 飛 す る 
の が 確認 され た だ た . 玉川 峡 で は , オス が イタ ドリ , ヌル デ , ヒメ ジョ オン な どの 花 の 約 10-30 cm 上 空 
で 群 飛 す る の が 見 られ た . これ まで ヒゲ ナガ ガ 科 の 配偶 行動 に つい て の 報告 例 は 非常 に 少な か っ た が , 
三 草山 で 7 月 19 日 と 7 月 23 日 に 本 種 の 交尾 に 至る 行動 を 観察 する こと が で きた . 今回 観察 きれ た の 
は , いずれ の 場合 も オス 1 個体 が ヒメ ジョ オン の 約 10 cm 上 空 で ホバリング し て いる と ころ に メス が 
直線 的 に 飛ん で き て 交尾 が 成立 する と いう も の で あっ た . オス は , メス が 約 10 cm の と ころ まで 接近 
する と , メス に 飛び つい て 空中 で 絡ま り , 葉 上 に 落下 し た と き に は す で 交 尾 に 玉 っ て いた . コン オビ 
ヒゲ ナガ で は 飛翔 中 の オス が 1 個体 で も 変 尾 が 成立 し た こと か ら , 本 種 に と と っ て 和 群 飛 を する こと は オ 
ス と メス が 出会う た め の 必 要 条 件 で は な いこ と が 明らか に な っ た . また , 本 種 の 寄主 植物 は 知ら れ て 
いな か っ た が , 玉川 峡 で 8 月 30 日 に イタ ドリ の 花 の つぼ み に 産 卵 行動 を する メス が 見 られ た . 卵 は 
確認 で き な か っ た が , イタ ドリ は 本 種 の 寄主 植物 で ある 可能 性 が ある . 


Thornhill (1980) ld, ケバ エ の 一 種 に み ら れ る オス の 和 群 飛 は 。 メス が 羽化 し て くる 地面 に 近い 場所 を 
確保 レ し よう と する オス 同士 の 闘争 で ある と 考え た. コン オビ ヒゲ ナガ の 場合 , オス は イタ ドリ や ヒメ 
ジョ オン な どの 花 を マー カー と し て メス と の 出会い の 場所 と し て 利用 し て お り , 群 飛 を 形成 する の は 
Thornhill (1980) が 観察 し た ケバ エ の 一 種 の よう に その 場所 を めぐ っ て 和 争っ て いる 結果 な の か も し れ 
な い . また , コン オビ ヒゲ ナガ で は オス の 複眼 が メス に 比べ て 大 きく 発達 し て お り , 特に 背面 域 の 個 
眼 が 腹面 域 の 個 眼 に くら べ て 大 きか っ た . ホバリング する オス は 地面 に 対し て 体 軸 を さまざま な 角度 
に 傾け て お り , 地表 か ら 飛 ん で くる メス を 発見 する の に も 背面 域 の 発達 し た 個 眼 を 用 いて いる 可能 性 
が ある . また , コン オビ ヒゲ ナガ の メス の 複眼 は オス に 比べ て 小さ に も の の , 群 飛 を し な いと され る 
クロ ハネ シロ ヒゲ ナガ (オス は 単独 で 探 雌 飛翔 を する と 考え られ て いる ) の メス に 比べ て 相対 的 に 大 
きか っ た . コン オビ ヒゲ ナガ の メス が , 飛翔 する オス , ある い は マー カー と 考え られ る 植物 の どちら 
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に 誘引 され る か は 不明 だ が , 今回 の 観察 か ら も メス は オス を 視覚 で 発見 し て いる こと が 示唆 され た . 
(Accepted December 7, 1998) 


Published by the Lepidopterological Society of Japan, 
5-20, Motoyokoyama 2, Hachioji, Tokyo, 192-0063 Japan 





NII-Electronic Library Service 


